This study evaluated the levels of c-kit mRNA in goat follicles and the effects of kit ligand (KL) on the in vitro development of cultured preantral follicles. Preantral follicles isolated from goat ovarian cortex were cultured for 18 days in a-MEM + supplemented with KL (0, 50 or 100 ng/mL) in the absence or presence of follicle stimulating hormone (FSH). Real-time PCR showed that c-kit mRNA was higher in primordial and primary follicles than in secondary stage. Regarding the culture, KL addition in the absence of FSH improved the follicular survival, antrum formation, oocyte growth and meiotic resumption. KL-positive effects were not observed in the presence of FSH. In conclusion, c-kit mRNAs are detected in all follicular categories. KL promotes the survival and antral cavity formation of caprine preantral follicles after in vitro culture, as well as the growth and meiotic resumption of their oocytes in the absence of FSH.
Several assisted reproduction technologies (ART), including in vitro embryo production, nuclear transfer and transgenic animal production, depend on the availability of mature oocytes. However, current methods of obtaining mature oocytes have low success rates, mainly because they use antral follicles, which provide a restricted number of these structures. Thus, there is considerable interest in in vitro technologies that aim to produce fully-grown, developmentally competent oocytes from preantral follicles, as these follicles represent about 90% of the follicular population in the mammalian ovary and, therefore, are able to provide thousands of oocytes that can grow and mature after in vitro culture (Muruvi et al., 2005) .
Progress has occurred in the ability to culture preantral follicles in different species, resulting in antrum cavity formation in hamster (Roy and Greenwald, 1989) , cattle (Gutierrez et al., 2000) , woman (Roy and Treacy, 1993; Telfer et al., 2008) and bitch (Serafim et al., 2010) , as well as the embryo production in pig (Wu et al., 2001) , buffalo (Gupta et al., 2008) , sheep (Arunakumari et al., 2010) and goats (Magalhães et al., 2011a) . Nevertheless, among all species studied to date, the birth of live offspring from oocytes of cultured preantral follicles was achieved only in the mouse (Eppig and Schroeder, 1989; O'Brien et al., 2003) . Therefore, a great deal of effort is still required to improve the rate of embryo production and births from preantral follicles.
The in vitro culture of preantral follicles is influenced by various substances, including hormones, peptides and growth factors. Among growth factors, kit ligand (KL), also known as stem cell factor, steel factor or mast cell growth factor, has demonstrated an essential role in follicular development, acting at different follicle stages (Celestino et al., 2009 ). In the ovary, the KL mRNA expression has been detected in the granulosa cells of many species (human: Carlsson et al., 2006; rat: Ismail et al., 1996; goat: Silva et al., 2006; Celestino et al., 2010; sheep: Tisdall et al., 1999) , and it can be expressed as either a membrane-bound (KL-1) or a soluble protein (KL-2) (Huang et al., 1992) . Both KL isoforms influence target cells by binding to a tyrosine kinase receptor, c-kit. c-kit mRNA and protein are expressed in oocytes at all stages of follicular development, as well as in the interstitial and theca cells of antral follicles in mice (Motro and Bernstein, 1993) , sheep (Clark et al., 1996) and goats (Silva et al., 2006) . However, in goats, quantification of the levels of c-kit mRNA during different follicle stages has not been performed yet.
In vivo and in vitro studies have shown that the functions of the KL/c-kit system in the ovary include the establishment of primordial germ cells (PGC), primordial follicle activation, oocyte survival 0303-7207 Ó 2011 Elsevier Ireland Ltd. doi:10.1016/j.mce.2011.07. 006 and growth, granulosa cell proliferation, theca cell recruitment and maintenance of meiotic competence (Hutt et al., 2006a; Thomas et al., 2008) . In addition, some studies have reported that KL inhibits the expression of BMP-15 by the oocytes, increasing the expression of FSH receptors (Otsuka and Shimasaki, 2002; Thomas et al., 2005) . FSH is known to regulate the KL expression in the granulosa cells in a biphasic manner, with a low concentration of FSH decreasing the ratio of KL-1/KL-2 mRNA and a high concentration of this hormone increasing such a ratio (Thomas et al., 2005 ). Another study also reported an interrelationship between KL and FSH, showing a significant increase in the oocyte diameter of rabbit preantral follicles after in vitro culture with these both substances (Hutt et al., 2006b ). However, although several studies have been performed, little is known about the role of KL associated or not with FSH during the in vitro development of caprine preantral follicles.
Therefore, the aims of the present study were (1) to determine the levels of c-kit mRNA during different follicular stages in goat ovaries, and (2) to investigate the effects of different KL concentrations in the absence and presence of FSH on the survival and development of isolated caprine preantral follicles after the in vitro culture, as well as on the ability of oocytes to undergo meiotic resumption.
Materials and methods
This work was divided into three experiments: the quantification of c-kit mRNA in goat ovaries (Experiment 1) and the in vitro culture of caprine preantral follicles in medium supplemented with KL (50 ng/mL or 100 ng/mL) in the absence (Experiment 2) and presence of FSH (Experiment 3) in the basic medium. The KL and FSH concentrations used herein were chosen based on previous studies conducted in our laboratory (Celestino et al., 2010; Saraiva et al., in press ).
Chemicals
Recombinant human KL and recombinant bovine FSH were purchased from Cell Sciences (Canton, MA, USA) and Nanocore (São Paulo, SP, Brazil), respectively. The culture media and other chemicals used in the present study were purchased from Sigma Chemical Co. (St Louis, MO, USA) unless mentioned otherwise.
Source of ovaries
A total of 106 ovaries were collected from adult cross-breed goats (Capra hircus) from a local slaughterhouse. Collections occurred on 12 different days during the non-rainy season (4 days per experiment). Some of the ovaries (n = 26) were used in Experiment 1, while the remaining (n = 80) were used in Experiments 2 and 3. Immediately after the slaughter, the ovaries were washed in 70% alcohol for 10 s, followed by two washes in Minimum Essential Medium (MEM) buffered with HEPES (MEM-HEPES) and supplemented with penicillin (100 lg/mL) and streptomycin (100 lg/ mL). Subsequently, the ovaries were transported at 4°C to the laboratory within one hour (Chaves et al., 2008) .
Experiment 1: Levels of c-kit mRNA in goat ovarian follicles
Ten ovaries were used for the mechanical isolation of primordial, primary and secondary follicles. From the other samples (n = 16), COCs and mural cells (granulosa and theca cells) were collected from small (1-3 mm) and large (3-6 mm) antral follicles. Primordial and primary follicles were isolated using a previously described mechanical procedure (Lucci et al., 1999) , while secondary follicles (150-300 lm) were microdissected from the ovarian cortex. After isolation, these follicles (30 per category, obtained in 4 replicates) were washed several times and were then placed by category into separate Eppendorf tubes in groups of 10. This procedure was completed within two hours, and all samples were stored at À80°C until the RNA was extracted. From the second group of ovaries, COCs were aspirated from small and large antral follicles. Compact COCs were selected from the follicle content as described by van Tol and Bevers (1998) . Thereafter, groups of 10 COCs were stored at À80°C until RNA extraction. To collect mural granulosa and theca cell complexes, small (n = 10) and large antral follicles (n = 10) were isolated from ovaries and dissected free from stromal tissue using 26-G needles. The follicles were then divided in half to eliminate the follicular fluid and COC and to collect the granulosa/theca cells, which were subsequently stored at À80°C.
Isolation of total RNA was performed using the Trizol Plus purification kit (Invitrogen, São Paulo, Brazil) . According to the manufacturer's instructions, 1 mL of Trizol solution was added to each frozen sample, and the lysate was aspirated through a 20-G needle before centrifugation at 10,000 g for 3 min at room temperature. Thereafter, all lysates were diluted 1:1 with 70% ethanol and subjected to a mini-column to retain total RNA in this column. After binding of the RNA to the column, DNA digestion was performed using RNAse-free DNAse (340 Kunitz units/ml) for 15 min at room temperature. After washing the column three times, the RNA was eluted with 30 lL RNAse-free water.
Prior to reverse transcription, the eluted RNA samples were incubated for 5 min at 70°C and chilled on ice. Reverse transcription was then performed in a total volume of 20 lL, which comprised of 10 lL of sample RNA, 4 lL 5Â reverse transcriptase buffer (Invitrogen), 8 U RNAse-out, 150 U Superscript III reverse transcriptase, 0.036 U random primers (Invitrogen), 10 mM DTT and 0.5 mM of each dNTP. The mixture was incubated for one hour at 42°C, for 5 min at 80°C, and then stored at À20°C. Negative controls were prepared under the same conditions but without the inclusion of the reverse transcriptase.
Quantification of c-kit mRNA was performed using SYBR Green.
PCR reactions contained 1 lL cDNA as a template in 7.5 lL of SYBR Green Master Mix (PE Applied Biosystems, Foster City, CA), 5.5 lL of ultra-pure water and 0.5 lm of each primer. The primers were designed to perform amplification of c-kit mRNA. GAPDH and b-actin (Table 1) were used as endogenous controls for the normalization of the mRNA levels. The thermal cycling profile for the first round of PCR was as follows: initial denaturation and activation of the polymerase for 15 min at 94°C, followed by 40 cycles of 15 s at 94°C, 30 s at 60°C, and 45 s at 72°C. The final extension was for 10 min at 72°C. All reactions were performed in a realtime PCR Mastercycler (Eppendorf, Germany). The delta-delta-CT method and the geNorm software program were used to transform CT values into the normalized relative levels of mRNA. The geNorm program uses the geometric mean of more than one reference gene in order to reduce the variations and errors in the analysis of the final expression. The normalization of data was based on two reference genes (b-actin and GAPDH), and such genes were used to determine a normalization factor, that is basically the geometric mean of the transcription levels of these reference genes (Vandesompele et al., 2002) .
Preantral follicle isolation and selection
The remaining ovaries (n = 80) were equally divided between Experiments 2 and 3. In the laboratory, fine fragments of the ovarian cortex (1-2 mm thick) were obtained with a sterile scalpel blade. Then, the ovarian cortex slices were placed in a fragmentation medium consisting of HEPES-buffered MEM. Caprine preantral follicles with approximately 150-300 lm in diameter were visualized under a stereomicroscope (SMZ 645 Nikon, Tokyo, Japan) and manually dissected from strips of the ovarian cortex using 26-gauge (26 G) needles. After isolation, follicles were transferred to 100 lL drops containing fresh medium under mineral oil to further evaluate follicular quality. Follicles with a visible oocyte (approximately 60 lm in diameter) that were surrounded by granulosa cells and had an intact basement membrane and no antral cavity were selected for culture in both experiments.
Experiment 2: Culture of caprine preantral follicles with KL (basic medium without FSH)
After selection, the follicles were individually cultured (one per drop) in 100 lL drops of culture medium in Petri dishes (60 Â 15 mm, Corning, USA) under mineral oil for 18 days at 39°C and 5% CO 2 in air. The basic culture medium consisted of a-MEM (pH 7.2-7.4) supplemented with 3 mg/mL bovine serum albumin (BSA), ITS (10 lg/mL insulin, 5.5 lg/mL transferrin and 5 ng/mL selenium), 2 mM glutamine, 2 mM hypoxanthine and 50 lg/mL ascorbic acid in the absence (control) or presence of KL at 50 ng/mL (KL 50) or 100 ng/mL (KL 100). Every other day, 60 lL of the culture media were replaced with fresh medium in each drop, except at days 6 and 12 of culture, in which total medium replenishment (100 lL) was performed. The culture was replicated four times and a final total of at least 40 follicles were used for each treatment (approximately 10 follicles/replicate).
Experiment 3: Culture of caprine preantral follicles with KL (basic medium containing FSH)
For this experiment, we used the same basic medium as in Experiment 2, except for the sequential addition of recombinant FSH: 100 ng/mL from day 0 to day 6, 500 ng/mL from day 6 to day 12 and 1000 ng/mL from day 12 to day 18 of culture (Saraiva et al., in press ). Total medium replacements (100 lL) were performed on days 6 and 12 of culture and partial replacements (60 lL) were performed every other day. The preantral follicles were randomly distributed among the treatments: control FSH (only sequential FSH) or sequential FSH supplemented with 50 or 100 ng/mL KL (KL 50 (FSH) and KL 100 (FSH), respectively), and a final total of at least 40 follicles were used for each treatment (total of four replicates: approximately 10 follicles/replicate). The follicles were individually cultured for 18 days under the same conditions as previously described for Experiment 2.
Morphological evaluation of follicular development
Follicles were classified according to their morphological aspect, and only those showing intact basement membrane, bright and homogeneous granulosa cells and absence of morphological signs of degeneration, such as darkness of the oocytes and surrounding cumulus cells, or misshapen oocytes, were classified as surviving follicles. Follicular diameter was measured only in surviving follicles every six days of culture (days 0, 6, 12 and 18) by mean of two perpendicular measures of each follicle using an ocular micrometer (100Â magnification) inserted into a stereomicroscope (SMZ 645 Nikon, Tokyo, Japan). Antral cavity formation was defined as the occurrence of a visible translucent cavity within the granulosa cell layers, regardless of its dimension. This event was also considered a survival characteristic, since follicles without antrum formation after in vitro culture were classified as degenerated.
In vitro maturation (IVM) of caprine oocytes from in vitro cultured preantral follicles
At the end of the culture period, the oocytes were recovered from follicles using 26-G needles. These structures were washed twice with TCM199 medium buffered with HEPES (TCM199-HEPES) and were measured to include the zona pellucida, as described for the follicles. It is important to note that only oocytes P110 lm (Crozet et al., 2000) , with a homogeneous cytoplasm and surrounded by at least one compact layer of cumulus cells were selected for the maturation procedures. The recovery rate was calculated by dividing the number of oocytes P110 lm by the number of follicles cultured in each treatment and multiplying this number by 100. The selected cumulus-oocyte complexes were washed three times in maturation medium composed of TCM199 supplemented with 0.5 lg/mL FSH, 5 lg/mL LH, 1 lg/mL 17b-estradiol, 10 ng/mL recombinant epidermal growth factor (EGF), 0.911 mMol/L pyruvate, 100 lMol/L cysteamine, 50 ng/mL recombinant insulin-like growth factor I (IGF-I) and 1% BSA. The oocytes were grouped into different treatments and were cultured in 100 lL drops of medium on culture dishes (30 Â 15 mm) under mineral oil for 40 h in an incubator at 39°C with 5% CO 2 in air.
Assessment of oocyte viability and chromatin configuration
Fluorescence microscopy was used to analyze the viability of oocytes isolated from caprine preantral follicles after 18 days of culture. Briefly, the oocytes were incubated in 100 lL drops of TCM199-HEPES supplemented with 4 lM calcein-AM, 2 lM ethidium homodimer-1 (Molecular Probes, Invitrogen, Karlsruhe, Germany) and 10 lM Hoechst 33342 (Sigma, Deisenhofen, Germany) at 37°C for 15 min. After incubation, the oocytes were washed three times with TCM199-HEPES and were evaluated under a fluorescence microscope (Nikon, Eclipse 80i, Tokyo, Japan). Oocytes were considered to be alive if the cytoplasm was stained positively with calcein-AM (green) and if the chromatin was not labeled with ethidium homodimer-1 (red). Hoechst was used to analyze the oocyte chromatin configuration by observing the intact germinal vesicle (GV), meiotic resumption (including germinal vesicle breakdown -GVBD, metaphase I -MI, anaphase I -AI or telophase I -TI) and nuclear maturation (metaphase II -MII). 
Statistical analysis
Data referring to c-kit mRNA expression in primordial, primary and secondary follicles were analyzed using the Kruskal-Wallis test (SAS, 2002) , whereas the t-test was used for paired comparisons of mRNA expression in the small and large antral follicles (P < 0.05).
Data concerning follicular survival, fully grown oocytes, antrum formation and meiotic resumption after in vitro culture were analyzed as dispersion of frequency, expressed in percentages and compared using the Chi-square test. Data on follicle and oocyte diameters after culture did not show homoscedasticity, even after transformation, and were then compared using the non-parametric Kruskal-Wallis test (SAS, 2002) . The results were expressed as the mean values ± standard deviation (SD), and differences were considered to be significant when P < 0.05.
Results

Experiment 1: Levels of c-kit mRNA in goat ovarian follicles
Quantification of mRNA demonstrated a significant decrease in the level of c-kit mRNA during the transition from the primary to the secondary follicle stage (P < 0.05), but no significant difference was observed between primordial and primary follicles (P > 0.05; Fig. 1A ). When the levels of c-kit mRNA were compared between cumulus-oocyte complexes (COCs) collected from small and large antral follicles, no significant difference was observed (P > 0.05; Fig. 1B) . A similar level of c-kit mRNA was also observed in granulosa/theca cells from small antral follicles and large antral follicles (P > 0.05; Fig. 1C ). On the other hand, real-time PCR demonstrated that COCs from small and large antral follicles exhibited higher levels of c-kit mRNA than their respective granulosa/theca cells (P < 0.05; Fig. 1D and E).
3.2. Experiment 2: Culture of caprine preantral follicles with KL (basic medium without FSH) 3.2.1. Effects of kit ligand addition on follicular survival and antrum formation Preantral follicles selected for culture had a centrally located oocyte and normal granulosa cells enclosed by an intact basal membrane ( Fig. 2A) . The effects of different KL concentrations (50 ng/mL and 100 ng/mL) on follicular survival and antral cavity formation were evaluated at 0, 6, 12 and 18 days of culture and are shown in Fig. 3A and B, respectively. In the control and KL 50, follicular survival was maintained up to 6 days of culture when compared to day 0. As the culture progressed from 6 to 12 days, a significant decrease in follicular survival was observed in all treatments (P < 0.05), with the percentage of normal follicles remaining constant from day 12 to day 18 of culture. When compared to the other treatments, KL 50 showed a higher percentage of surviving follicles than the control medium at the end of culture (P < 0.05).
Antral follicles were observed as early as day 6 of culture in all treatments, with large antral cavities visualized at day 18 (Fig. 2B) . According to Fig. 3B , no significant difference was observed in the rate of antrum formation among days of culture in all treatments from day 6 onwards (P > 0.05). Nevertheless, after comparing all treatments in the same culture period, KL 50 showed a higher percentage of antrum formation than the control and KL 100 at day 6 of culture (P < 0.05). Moreover, the rate of antrum formation was significantly higher in KL treatments (KL 50 and KL 100) than in the control from day 12 onwards (P < 0.05).
Follicle and oocyte growth after in vitro culture with kit ligand
Values related to follicular growth during in vitro culture of isolated caprine preantral follicles are described in Table 2 . A progressive and significant increase in follicular diameter was observed up to day 18 of culture regardless of the treatment used (P < 0.05). However, no significant differences in follicular diameter were observed when the treatments were compared to each other on the same day of culture (P > 0.05). Fig. 3C presents the results of oocyte growth after 18 days of follicle culture for all treatments tested (control, KL 50 and KL 100). It was observed that the KL 100 treatment resulted in a larger oocyte diameter compared to the control (142.48 ± 14.48 lm vs. 130.99 ± 8.78 lm; P < 0.05), but did not differ from KL 50 treatment (137.79 ± 10.94 lm; P > 0.05).
Ability of oocytes grown in vitro to undergo meiotic resumption
The percentages of oocytes acceptable for IVM (fully grown oocytes P110 lm) after 18 days of culture were significantly higher in normal follicles cultured in both KL treatments (KL 50:57.14%; KL 100:61.90%) than in the control (35.71%) (P < 0.05; Table 3 ). Regarding oocyte viability evaluated using the fluorescent markers calcein-AM and ethidium homodimer-1 ( Fig. 5A and B) , no differences were observed among treatments (P > 0.05), which showed high percentages of viable oocytes stained in green fluorescence. The assessment of chromatin configuration showed that grown oocytes from follicles cultured in the control medium had a higher percentage of intact germinal vesicles (Fig. 5C ) than those cultured in KL 50 and KL 100 (P < 0.05). On the other hand, both KL treatments significantly increased the percentage of meiotic resumption (KL 50:62.50%; KL 100:69.23%) in comparison to the control (33.33%; P < 0.05). It is important to note that 8.33% of oocytes grown in the KL 50 treatment reached metaphase II, which indicates the occurrence of nuclear maturation (Fig. 5D ).
3.3. Experiment 3: Culture of caprine preantral follicles with KL (basic medium containing FSH) 3.3.1. Effects of kit ligand addition on follicular survival and antrum formation Preantral follicles selected for culture in this experiment had the same morphology of the follicles used in Experiment 2 ( Fig. 2A) . The results of follicular survival in the different days of culture (days 0, 6, 12 and 18) are depicted in Fig. 4A . Compared to day 0, the follicular survival in control FSH and KL 50 (FSH) was maintained up to 6 days of culture (P > 0.05). After the progression of culture period from 6 to 18 days, a significant decrease in follicular survival was observed in all treatments (P < 0.05). In addition, no difference was observed among treatments regarding the percentage of surviving follicles at various days of culture (P > 0.05).
Similar to the observations of Experiment 2, antral follicles were observed as early as day 6 of culture in all treatments, and they formed large antral cavities at day 18 (Fig. 2B ). Fig. 4B shows the percentage of antral cavity formation after the culture of preantral follicles with different KL concentrations. A significant increase was observed in the rate of antrum formation up to 6 days of culture in control FSH and KL 100 (FSH) (P < 0.05). From 6 to 12 days, only the KL 50 (FSH) showed a significant increase in the percentage of antrum formation (P < 0.05). Comparing all treatments within the same culture period, the rate of antrum formation was significantly higher in KL 50 (FSH) than in control FSH on day 12 (P < 0.05).
Follicle and oocyte growth after in vitro culture with kit ligand
A progressive and significant increase in follicular diameter was observed up to day 18 of culture in control FSH and KL 50 (FSH) (P < 0.05). In KL 100 (FSH), the significant increase in follicular growth only occurred until day 12 (P < 0.05). In addition, no significant differences in follicular diameter were observed among treatments in the various days of culture (P > 0.05; Table 4 ). Similarly, no difference in oocyte growth was observed among all treatments (control FSH, KL 50 (FSH) and KL 100 (FSH)) after 18 days of follicular culture (P > 0.05; Fig. 4C ).
Ability of oocytes grown in vitro to undergo meiotic resumption
The percentages of oocytes acceptable for IVM (fully grown oocytes P110 lm) after 18 days of follicle culture were similar among all treatments (P > 0.05), as shown in Table 5 . Similarly, oocyte viability evaluated using the fluorescent markers calcein-AM and ethidium homodimer-1 (Fig. 5A and B) indicated no differences among the treatments (P > 0.05), with 100% viable oocytes stained in green fluorescence for all conditions. The assessment of chromatin configuration showed similar percentages of intact germinal vesicles (Fig. 5C ) and meiotic resumption in grown oocytes from follicles cultured under all three treatments (P > 0.05). The percentages of meiotic resumption obtained in control FSH, KL 50 (FSH) and KL 100 (FSH) were 39.14%, 47.06% and 31.82%, respectively.
Discussion
During the last decade, several gene expression studies have revealed the presence of a functional KL/c-kit system in mammalian ovaries regulating the oogenesis and folliculogenesis processes (Celestino et al., 2009; Hutt et al., 2006a) . To better understand the action of the KL/c-kit system in goats, the present study performed for the first time the quantification of c-kit mRNA in caprine ovarian follicles, as well as the in vitro culture of isolated goat preantral follicles with KL in the absence and presence of FSH.
Quantification of c-kit mRNA demonstrated a decrease in the levels of c-kit mRNA during the transition from the primary to secondary follicle stage. Our results are consistent with those previously 
Table 2
Follicular diameter (mean ± SD) of caprine preantral follicles after in vitro culture for 18 days in the absence (control) or presence of different kit ligand concentrations (50 ng/mL or 100 ng/mL): Experiment 2 -culture medium without FSH.
Days of culture Follicular diameter (lm) Treatments
Control (n = 42) KL 50 (n = 42) KL 100 (n = 42) : indicate significant differences among days of culture into the same treatment (P < 0.05). There was no significant difference among treatments (P > 0.05).
Table 3
Meiotic stages of caprine oocytes from preantral follicles cultured for 18 days in the absence (control) or presence of different kit ligand concentrations (50 ng/mL or 100 ng/mL): Experiment 2 -culture medium without FSH. A and B indicates significant differences among treatments.
* Only oocytes P110 lm were selected for the in vitro maturation procedure. reported in caprine ovaries by Silva et al. (2006) , who verified in oocytes of primordial and primary follicles an immunoreactivity for c-kit stronger than in secondary and antral stages. Emphasizing these results, researchers observed in another study utilizing immature mouse ovaries a gradual decrease of c-kit expression in oocytes as follicles developed into the secondary stage (Kang et al., 2003) . In contrast, previous investigations demonstrated a high and uniform expression of c-kit protein and mRNA in primordial and later preantral follicles, which decreased only from the antral stage (mouse: Horie et al., 1991; sheep: Tisdall et al., 1999) . These contradictory results suggest the existence of differences among the species or ages of the animal models. In addition, we hypothesize from both previous (Celestino et al., 2010) and present results the greatest need for KL action in goats occurs in early preantral follicles, especially during follicular activation. This hypothesis is supported by the reduction in the expression of c-kit mRNA at the secondary follicle stage that we observed in this study, which is possibly associated with high expression of other growth factors and receptors essential for this follicular phase. In this study on goat follicles, we also observed a higher level of c-kit mRNA in COCs compared to granulosa/theca cells, both from small and large antral follicles. Indeed, oocytes at all stages of development have been reported to express c-kit mRNA and protein (Doneda et al., 2002; Manova et al., 1990) , which does not occur in somatic cells (mural granulosa and theca). Similarly, Kang et al. (2003) observed that the c-kit protein was expressed strongly in mouse oocytes of preantral follicles and expressed weakly in granulosa and theca cells. In our work, the identification of c-kit mRNA in both COCs (high expression) and somatic cells (low expression) of antral follicles, as well as in all categories of preantral follicles, demonstrates an important role of KL synthesized by granulosa cells in goat follicular development. This information is consistent with many previous findings demonstrating the KL action in follicles from other species (for review see Celestino et al., 2009) . In the present study, follicular survival was significantly higher in the presence of 50 ng/mL KL (without FSH) compared to the control after 18 days of culture. Similar to our results, previous works showed a positive effect of 50 ng/mL KL on the viability of early caprine preantral follicles enclosed in ovarian tissue after in vitro culture in a simple medium (Celestino et al., 2010) and in a dynamic medium (Lima et al., in press ). Moreover, KL has been shown to promote primordial follicle survival in cultured mouse ovaries, as well as oocyte viability by inhibiting apoptosis (Jin et al., 2005; Reynaud et al., 2000) . According to Jin et al. (2005) , KL inhibits apoptosis in mouse oocytes by increasing the mRNA levels of antiapoptotic proteins, Bcl-2 and Bcl-xL, and reducing the mRNA levels of the proapoptotic factor Bax. Regarding the results of antrum formation, we observed a significantly higher development rate in both KL concentrations (50 and 100 ng/mL) than in the control from day 12 onwards. Our results demonstrating the role of the KL/c-kit system in antrum formation confirms an earlier observation reported by Yoshida et al. (1997) , who injected in vivo an antibody blocking the KL/c-kit interaction and observed the inhibition of both antrum formation and follicular fluid accumulation. In addition, another study verified that the blockade of the KL/c-kit system severely inhibited the antrum formation after 12 days of in vitro culture (Reynaud et al., 2000) .
In relation to oocyte growth, the present study found a higher oocyte diameter after utilizing KL at 100 ng/mL than when compared to the control. Similar results were observed by Klinger and De Felici (2002) working with mouse oocytes, who reported a two-fold increase in oocyte diameter compared to controls after 4 days of culture in the presence of 100 ng/mL KL. Other studies have also demonstrated the role of KL in the promotion of oocyte growth (goat: Celestino et al., 2010; Lima et al., in press; rabbit: Hutt et al., 2006b; mouse: Packer et al., 1994) . Although the mechanism by which KL promotes oocyte growth is not fully understood, it has been suggested that the activation of the phos phoinositide-3 kinase (PI3K) pathway in the oocytes is involved in this process (Reddy et al., 2005; John et al., 2008) .
In the current work, both KL concentrations (50 and 100 ng/mL) increased the number of oocytes destined for IVM. These concentrations also increased the percentage of meiotic resumption (KL 50:62.50%; KL 100:69.23%) compared to the control group (33.33%), with the KL 50 treatment reaching 8.33% of oocytes in metaphase II. For goats, these results are interesting, since few studies in this species have achieved meiotically competent oocytes from the in vitro culture of preantral follicles (Magalhães et al., 2011a,b; Silva et al., 2010) , especially with the occurrence of nuclear maturation. Meiotic resumption in goat oocytes grown in vitro with KL probably occurred due to the increased levels of c-kit mRNA in COCs from antral follicles, as verified in our study of expression (Experiment 1). In line with our results, Ye et al. (2009) recently verified that the treatment of mouse COCs with KL enhanced the first polar body extrusion with an increase in cyclin B1 synthesis, which is important for the progression of meiotic maturation after GVBD. In addition, studies in rats reported that the interaction between KL and c-kit may play a role in controlling the nuclear maturation of oocytes (Ismail et al., 1996 (Ismail et al., , 1997 . Based on the study from De Smedt et al. (1994) , the low rate of oocytes in metaphase II found in our work may have occurred due to the short There was no significant difference among treatments (P > 0.05).
* Only oocytes P110 lm were selected for the in vitro maturation procedure.
culture period used. We believe that, even after 18 days of culture, follicles were still too small to produce fully competent oocytes capable of reaching a high rate of metaphase II. Thus, further investigations using a longer culture time will be necessary. Unlike the culture medium without FSH, the addition of KL to the in vitro culture of caprine preantral follicles in the presence of this gonadotropin (Experiment 3) did not demonstrate any effect on all parameters evaluated (follicular survival and growth, antrum formation, oocyte survival and growth, and meiotic resumption). In this study, FSH was added to the basic culture medium sequentially, i.e., in increasing concentrations, because as the follicles develop, the gonadotropin levels increase to meet the requirements of different follicular stages (Saraiva et al., in press) . We formulated two different hypotheses to explain our results after using this basic medium. The first hypothesis is that the high levels of FSH used in the culture medium masked the possible effects of KL added in vitro throughout the 18 days of culture. Indeed, some studies have suggested that lower concentrations of FSH are more important for the appropriate regulation of paracrine factors, such as KL, that trigger cell development (Celestino et al., 2009; Thomas et al., 2005) . The second hypothesis is based on the previously demonstrated role of FSH in the regulation of KL expression in vitro (Thomas et al., 2005) . Considering this function of FSH, it is possible that its presence in the basic medium has been able to stimulate the synthesis of KL by follicular granulosa cells, allowing KL to reach satisfactory levels in vitro. Consequently, additional effects of the two KL concentrations were not observed in the culture containing FSH. Although FSH and KL showed no additive effect on in vitro follicle growth, i.e., a significant increase in follicle diameter, the results highlight the growth promoting role of FSH on preantral follicles as reported in previous studies (Andrade et al., 2005; Magalhães et al., 2009; Greenwald, 1988, 1989) .
In conclusion, this study demonstrated that c-kit mRNA is present in all investigated follicular categories and cellular types. Moreover, KL at 50 and/or 100 ng/mL promotes the survival and the antral cavity formation of isolated caprine preantral follicles after in vitro culture, as well as the growth and meiotic resumption of their oocytes in the absence of FSH. Results on the levels of c-kit mRNA and the culture system established in this work may contribute to future research investigating the mechanisms and substances involved in the regulation of follicular development.
